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B{ﬁ Induction Ceremony

4 History of the Society

Candidates for Induction
4 ¢": Birth of a Boson

4 Measurement of the ¢p* distribution of muon pairs with masses between
30 and 500 GeV in 10.4 fb~! of pp collisions

4 A: Vectors from birth to death

4 Measurement of the electron charge asymmetry in
pp » W + X - ev + X decays in pp collisions at /s = 1.96 TeV

4 Oy: EW Mortality Statistics

4 Measurement of the effective weak mixing angle in pp —» Z/y* —» ete”
events

\ B. Quinn Fermilab Wine & Cheese 2
University of Mississippi November 14, 2014

LAY



5*% Why Precision EW?

4 Need to understand proton structure better 4 Momentum transfer
4 Kinematics coverage: For LHC, data fixed Q? scale
spans wider x than the Tevatron 4 Q2% =~ M§
Tevatron parton kinematics LHC parton kinematics Parton momentum
=y fraction
X, , = (M/1.96 TeV) exp(zy) X, , = (M4 TeV) exp(zy) M
Q=M 10°EF Q=M M = y — Ty
X s e
0.002<x<1

D@ Precision
EW

Complementary to

T S5 central and forward

S SRS [N Sl i jet measurements at

- i ' Tevatron, and other

scattering expts.

4 Different
systematics,
couplings

4 Higher precision!
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4+ Tevatron: dominated
by valence quark
production

proton Tevatron antiproton

w* rapidity
W~ rapidity
et rapidity
e rapidity

sea quark and
gluon production

d d

proton LH C proton

L stesanteat
120_ ’,.l 'iirn\.\

= || POWHEG MC

[ | W* rapidity

[0 W~ rapidity
o— |* pseudorapidity
=— | pseudorapidity

-2 o
W rapidity/leptan pseudorapidity
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Impacts of PDFs

@ Parton distribution functions are not directly calculable, must
be determined using experimental inputs

@ Many precision measurements are dominated by the PDF
uncertainty

TABLE III. The input data used in the My combination. All entries are in units of MeV.
CDF [8] CDF [9] CDF [10] DO [12-15] DO [16] CDF [17] DO [18]
(1988-1989) (1992-1993) (1994-1995) (1992-1995) (2002-2006) (2002-2007) (2006-2009)
4.4 pb~! 18.2 pb~! 84 pb~! 95 pb! 1.0 fb~! 2.2 tb™! 4.3 fp!

Mass and width
79 910 80 410 RO 470 B0 483 80 400 80 387 R0 367
2 100 2 064 2 096 2 062 2099 2 094 2 100
M. uncertainties
PDF 60 50 15 8 10 10
AUlAllVE COMTECLIONS 1u U o] 12 ! 4

'y 0.5 1.4 03 1.5

Total 100 181 20 84 Stat.: 12 13 Me\/
My corrections

ALy +1.2 —4.2 +0.6 —4.5 +1.1 +0.3 +1.2

PDF +20 —25 0 0 0 0 0

Fit method —3.5 —3.5 —-0.1 0 0 0 0

Total +17.7 —-32.7 +0.5 —4.5 +1.1 +0.3 +1.2

My corrected 790277 80 377.3 80 4705 80 478.5 80 401.8 80 387.3 80 368.6

Phys. Rev. D 88, 052018 (2013
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W Boson Mass

! T T T I T I T I T I I l T T T I T 1 ] I T

~ experimental errors 68% CL.:

LEP2/Tevatron: today

M, =123 .. 127 GeV,
MSSM

M, = 123 GeV

SM[M,, =127 GeV MSSM, M, = 123..127 GeV
SM, MssSM ]

Heinemeyer, Hollik, Stockinger, Weiglein, Zeune '12

| l | 1 1 l | 1 1 I 1 | 1 ] 1 1 1 l | 1 1 i | 1

(==t B.Quinn

4 University of Mississippi

168 170 172 174 176 178
m, [GeV]

4+ GFitter collaboration
arXiv:1407.3792

measurement

and M, measurement
== SM fit wi imal input
im My, world ge [arXiv:1204.0042]

\\ll\\l‘\\\\‘\\ \I\‘II\\'\\\\‘\I\\
2 80.33 80.34 8035 80.36 80.37 80.38 80.39

o [TTTT

4 My, direct measurement:
(80.385 + 0.015) GeV

4 My indirect determination:
(80.358 + 0.008) GeV

Fermilab Wine & Cheese

November 14,2014



for all the
luminosity!!

19 April 2002 -30 September 2011
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Silicon Microstrip Tracker (SMT)
Central Fiber Tracker (CFT)
2T magnetic field, |n| < 3.0

Drift chambers and
scintillator counters

Uranium Liquid Argon calorimeters
Central (CC) and Endcap (EC)

In| < 4.2

ua\Chambers

MO Scintillators i

1.8T Toroids, |n| < 2.0 !
Shielding
0 = I
= Caldﬁmeter
N Toroid
e |I |I I L ! |I |I e
5 I | 9
I I ol T L
= I| |I I| I II II I i
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—éﬁjf 2014 Inductees
¢”: Birth of a Boson

A: Vectors from birth to death

0,,: EW Mortality Statistics

Fermilab Wine & Cheese 9
of Mississippi November 14, 2014




¢*: Birth of a Boson

FERMILAR PUB-14-43

Measurement of the ¢ distribution of muon pairs with masses between
ar

30 and 500 GeV in 10.4 fb—! of pp collisions

".' M. Abazov ¥ B. Abbott 57 B.S. ".-.'l r'.:.."" M. Adums 8 T, Adams ™ P Agnew ! QI Alexeev 3
Alkhazoy, ‘1. Albon® 28 & Askew ™ 5 Atkins™ K. Augsten,” C. Avila® F. Badaud, ' L. Baghy °
|:-. Baldin ** .V, |3.|.|.-|ur|-|. 'S5 B |.|-.*:_:ﬂ.-."" E. 'I arberis.*® P, Barnger * 1 F. Bartlett, 8 11, Bassler !
V. |§-:|..'.I-.*:r'|."' A. Bean®® M. Begall? L |§- Jlantom,** 5 H Beri, ¥ . Bernardi, ¥ B Berohard, ' 1. Bertram,
M. Besangon, ' ]': Beusehnd, A0 P.C. Bhat, % 5. Bhatia,® Bhatnaga r": G. Blagey, "™ 5. Blesang,* K. Bloom,®
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HE. Fisk 4% M |':-r per, T H. Foo, = 5. Foess ** PH. Garbincm AG |.r-. i H-. [ B2 T, ‘1. Garcia Goneale: =
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P.I). Granns®™ 5. Greder,'® H. Greenles, % G. Grenier,'™ Ph. Gns,'? J-F. Groaez, 2 A, Grohsjean= 2
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H. Hirasky, ||-: ang, ¥ JI). Hobks ™ B, Hoeneisen,? J. Hogan, ™ M. Hohlfeld 2! J.L. Holbawer, = 1. Howley,™
& Hubk |.-:'-:|-' * V. Hynek," L. |L .|\':|:.r"' Y. lchenks, ™ K. Ilingworth, % A 5. ko % 5. Jabeen™ 4
Jaaffre 1 Jayasinghe, ".1 8. Je CE, 7 ]':. Jesik 32 P Jrang ! K. Johns 2 E. Johnson,*™ M. Johnson,
A |-: ackheere, ]’ Jomsson, * J. Josha 3% AW, Jung,1® -". Juste * E "". yjfmz, ¥ . Kan HELLOY, 1 1. Katsanos,™
M. Kaur~ . Kehoe,™ 5. Kermache " N, |'| alaty, A, Khanow,® A& Kharchiliva,® Y N, Kharzheey,
I. Emelevy |"'|"-| H:-||""1.". Koselow,™ J. Kraus,®® A Kumar, ™ 4 Kupco® T. Karéa, 17 V. ‘1. Fouzmumn,
5. Liumuners ]’ Lebeun,'™ H.5. Lee ™ 5W. Lee® "-‘n'.:'L:. Lee® X, Lea,® I Lellowch, ' D, Ly, H. Li,™
[ L% I__I.."f Li* X Li* JK. Lim ™ I |||:.||" J. Linnemann 7 V.. Lipaey ™ H -|:-':-| H. Lin,”
¥. Lin® A. Lobodenks ¥ M. Lokajicek B . Lopes de S . Luna-Carcia?, A L. Lyon % A KA. Maciel !
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“: Birth of a Boson
proton ,\Fyf\f"";‘
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ok
y
4 Eur. Phys. J.
C71 1600(2011)

¢*: Definition

+ ¢* = tan(Pycop/2) sin 0
“ ¢acop =T — AP
4 cos 6* = tanh((n_ — n,)/2) [Collins-Soper angle]

¢ ¢ probes same physics as p}, ¢*~ar /My

4 ¢ less sensitive to detector resolution and efficiency

4 Uses angles only (mrad precision with < 1% resolution vs. few %
) resolution on p, E)

" mﬂ \ B. Quinn Fermilab Wine & Cheese
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¢*: Peak Region

4 First measured by D0 with 7.3 fb-!

4 PRL 106, 122001 (2011)
10 :
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s up data
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E%Kg ¢*: Peak Region

4 First measured by D0 with 7.3 fb-!
4 PRL 106, 122001 (2011)

(@) lyl=1

v

“leeupn) ‘r"{ee_.uu}

DO 7.3 b
uu data
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ResBos (tuned g,)
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PDF @ scale uncertainty

o
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(14
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L =
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©
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Figure: M, € (70,110)

4 Data used to improve ResBos and make predictions for LHC
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+ ATLAS

4 Phys. Lett. B 720, 32(2013)
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¢*: Peak Region

08<ly|<1.6

Oy
e e'e + pu'u Data 2011
—— RESBOS —— POWHEG+PYTHIA8
=== SHERPA ='=' POWHEG+PYTHIA6

ALPGEN POWHEG+HERWIG
==+ MC@NLO

\Vs=7TeV ATLAS

£
'l <2.4 _[Ldt:zt.efb'1
p¢ > 20 GeV

66 GeV <m,, <116 GeV
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« LHCDb

¢*: Peak Region

+ JHEP 1302, 106(2013)
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Bﬁ ¢*: Off-peak Regions

Low Mass: M,,, € (30,60) GeV

4 More sensitive to small-x effects

4- Statistically more powerful than forward rapidity region (Jy| > 2) in
dielectron channel in the published peak region analysis

4 X1 = M/\/Eeiy

High Mass: M, € (160,300) U (300,500) GeV

4 Constrain initial state QCD radiation uncertainties for high
mass final states

4 e.g. top quark physics

" m“ \ B. Quinn Fermilab Wine & Cheese 18
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Bﬁ ¢*: Event Selection

4 Select events with two good quality muons (isolation, track
segments, vertex)

4 Tighter quality cuts for low mass region to control backgrounds

4 Peak region
“ M,, € (70,110) GeV:
4 645k events with 99.84% signal
4 Low mass region R e L3
4 M,, € (30,60) GeV e, Mt
4 74k events with 89.5% signal
4+ High mass region
4 M,, € (160,300) GeV: 1.7k events with 72.8% signal
4 M,, € (300,500) GeV: 0.2k events with 56.6% signal

[ ]Signal

100 105 110
M, (GeV)

(e P Quinn Fermilab Wine & Cheese 19
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4 Comparison
with the
ResBos
prediction

4 M. Guzzi et al.
arXiv:
1309.1393

\ B. Quinn
| University of Mississippi

(1/0) (do/dd;)

Data/ResBos

1<lyl<2

D@ 10.4 b
70 GeV < M” <110 GeV

+ uu data

107

— ResBos

(a) ly| <1

(b) 1

i 3 Teend
e T ¥V I

" IE
T e

(c) ly| > 2

D@

'

70 GeV <M, <110 GeV
10.4 fb ' uy data
7.3fb" ee data
ResBos

PDF © scale uncertainty
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E%Kg ¢*: Peak Region Results

4 Comparison with a NLO+NNLL QCD prediction
4 A. Banfi et al. JHEPO1 (2012) 044

(b) 1<|y|<2 D@ 10.4 fb™
} Data 70GeV <M, <110 GeV

(a) ly]<1 D@ 10.4 fb”
| Data 70 GeV <M, <110 GeV

All scales All scales

Data/NNLL+NLO
Data/NNLL+NLO

\ B. Quinn Fermilab Wine & Cheese
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5*% ¢*: Peak Region Results

4 Ratio of (1/0)(do/d¢") in rapidity bins
4- The ratio (1/0)(do/d¢™) in the central rapidity region to that in the forward
rapidity region can reduce the uncertainty band from QCD scales to the

percent level due to cancellations. It suggests the possibility of a new
variable that 1s less sensitive to theoretical uncertainty.

ly|<2)

(b) D@ 10.4 fb
70 GeV <M, <110 GeV

(a) D@ 10.4 fb™
70 GeV <M, <110 GeV

lyl<2)

e

e
-
—

+ Data
— A. Banfi et al.
All scales

+ Data
— ResBos

(lyl<1)(1:
(lyl<1)/(1

PDF © scale uncertainty
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DO 10.4fb "
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Blfi ¢g*: Summary

4 The transverse momentum has been determined with
unprecedented precision in the peak region (645k events)

4 In excellent agreement with ResBos

4 First ever low-mass region results (74k events)
4 Helps constrain small-x effects

4 Discrepancy with ResBos at high ¢*

4 First ever high-mass region results (2k events)
4 For constraining QCD ISR in high mass final states
4 No detailed comparison can be made due to limited statistics.

4 A NLO+NNLL QCD prediction is in agreement with data at all mass ranges
within assigned theoretical uncertainty.
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1
S8 A: Vectors from Birth to Death

4 Nature vs. Nurture

Correlation of sibling traits
Shared family environment

"IL o

04

Trait A Trait B Trait C

-al sibbngs [ Acootee sibin

Hemophilia Peptic ulcer
Club foot Tuberculosis
Downs Diabetes
syndrome

\ -
Environmental

eart disease

\ B. Quinn Fermilab Wine & Cheese
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1
S8 A: Vectors from Birth to Death

4 Nature vs. Nurture s pp-oWH+X->ev+X

. e s . 30.04} € W rapidity
Correlation of sibling traits : W rapidity
g : — ¢ pseudorapidity

Shared family environment N -=== ¢ pseudorapidity

Trait A Trait B

- Sonozvgotic twins I_I Bandoges

(b)
N Electron charge asymmetry
Hemophilia Peptic ulcer
Club foot Tuberculosis

Diabetes W charge asymmetry

-
)
-
=
-
=
-
=
-
<
0.

o
e
<&
-ﬂ'p"h

Phenylketonuria(PKU}
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1 ]
57?& A: Introduction

4 W charge asymmetry is sensitive to Parton Distribution Functions
(PDFs)
4 Tevatron 1s pp collider, and u(u) quark has higher momentum

4 W boosted in p direction, W~ boosted in p direction
4 Provides a strong constraint on u and d PDFs
4 The W asymmetry in the leading order parton model is
do* do” _ B
)= dyw dyw _ u(xp)d(xp) — d(x,)u(xp)
do* + do” u(xp)d(xﬁ) + d(xp)ﬁ(x,—,)
dyw = dyw

Fermilab Wine & Cheese

\ B. Quinn
November 14, 2014
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—éﬁjf A: Introduction

4 The lepton asymmetry is a convolution of the W production asymmetry

and the W }—A4 decay

4 Lepton asymmetry: More straightforward observable, easier to measure than W

4 W asymmetry:

4 Advantage over lepton: Due to convolution, leptons at a specific pseudorapidity
(77) originate from a wide range of W rapidities, and therefore from a wide range
of parton x values, making these asymmetries less useful in determining PDFs.

4 Challenge: With unknown neutrino p,, difficult to determine the W rapidity

W' rapidity

W rapidity
— e pseudorapidity
==== ¢ pseudorapidity

= Asymmetry

N

\ B. Quinn Fermilab Wine & Cheese
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Electron charge asyminetry

W charge asymimetry
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e
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/—\ e
é&;ﬁ A: Introduction

4 Asymmetry vs. x : the lepton asymmetry comes from a larger
range of parton x values compared with the W asymmetry

4+ The W asymmetry is more sensitive to the u/d ratio
W Rapidity vs. @

L 1
80000 H

70000
60000
50000 0.6
40000

0.4
30000
20000 0.2
10000

L -
0 ] . e

2 3 -3 - - 2 3
W Rapidity W Rapidity

Electron

25000 o3 1 25000

20000 0.8 20000
15000 0.6 15000
10000 0.4 10000
5000 0.2 5000

2 3 03 = 2 3 0

e Pseudorapid-i_ty e Pseudorapi(ﬁty

- B. Quinn Fermilab Wine & Cheese 32
*d University of Mississippi November 14, 2014




B{Cg A: Strategy

4 Select W — ev candidates from data
4+ Subtract backgrounds: QCD,Z - ee,W - tv,Z - 11
4 Unfold to remove detector effects

4 Use neutrino-weighting method to obtain W rapidity
distributions

4+ Compare corrected asymmetries with theoretical predictions
using different PDF sets

4 Analysis performed in 5 kinematic bins:

EZ > 25 GeV 35 GeV > Ef > 25 GeV E7 > 35 GeV

SYMMEIC: y o 25 eV 35 GeV > Er> 25 GeV  Fr > 35 GeV

35 GeV > ES > 25GeV  ES > 35GeV

Asymmetric: Fr>25GeV  Fp>25GeV
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;7%/ A: Selection and Backgrounds

4 Event Selection (full data, 9.7 fb-1) 4 Backgrounds

4 Electron: 25 <p,;< 100 GeV 4 QCD: 4.0%

4 Missing transverse energy > 25 GeV 4 7 - ee:2.6%
4 W:50<M;< 130 GeV “ W-1v:2.2%
4 Track matching 4 Z-11:02%

DO, 9.7 fi?

L (a)

. PRELIMINARY

Events/1 GeV

60 80 100
Electron/Positron E; (GeV)
DO, 9.7 fb!
(d)
PRELIMINARY

T
=
i

-
w
o
w
e
P

0 2 3 I I 30 I S0 al
ElectronPositro W pp(GeV)
N B. Quinn Fermilab Wine & Cheese
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B{C; A: Unfolding

1. Migration matrix: used to remove detector resolution effects

4 Electron and positron are expected to have same detector response

4 Study migration matrices for all events (e~ + e™): no input bias
2 K fff: relative efficiency for positrons and electrons

4 Use Z — ee events to study K ;—} f track bias from alignment + solenoid
polarity

4 Only study K eif s for track cuts, do not expect calorimetry cuts to have such
effects

3. Acc x Eff: to remove kinematic and geometric cut effects

" m“ \ B. Quinn Fermilab Wine & Cheese 35
| University of Mississippi November 14, 2014

\ iu1e 4



&
(3]
TT[TTTIT]

{

Asymmetry
L 5 o
] o = i
cI T I rrri I rrri I LI I

S
tw

e
o

Asymmetry
e

r

Default asymmetry
Predicted Asymmetry

o Unfolded Asymmetry

@  PRELIMINARY

15 2

=

——

5% enhanced asymmetry
Predicted Asymmetry

o  Unfolded Asymmetry

ARRRERRRRRE ¥

PRELIMINARY

——

\ B. Quinn
University of Mississi

Asymmetry

yHd.o.f=12.8/13

ot 1t

DO MC

1
(-]

—

R

®) PRELIMINARY

c:DIIIIII

TR B
0.5 1 1.5 2

+

=

STy

(b) _ ——

—r—
5% suppressed asymmetry__

» Predicted Asymmetry

o Unfolded Asymmetry

PRELIMINARY

15 2
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We get out
what we put in

Unfolding
corrections
valid for range
of asymmetry




= - -1 -
| DO, 9.7 fy Lo DO A, b) DO, 9.7 b
RN - o T . .
“.. PRELIMINARY z : MC@NLO NNPDF2.3 PRELIMINARY'
. .« 4 NNPDE2.3 uncertainty
T MC@NLO MSTW200SNLO '
* ‘ RESBOS CTEQ6.6

}'i
-
"
=F
-
=
e
=
-
o
<

DO A,

MC@NLO NNPDF2.3
NNPDEL.3 uncertainty
MC@NLO MSTW200SNLO
RESBOS CTEQG6.6

4 These results supersede previous D0 0.7 fb-! measurement

4 0Old result lacked improved calibrations, the K eif f correction, and additional
systematic uncertainties included in the current analysis

4 Submission to PRD very soon
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[ ]

RESBOS CTEQG6.6
- Fe
: ET
<Fr<35GeV

\ B. Quinn
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<35 GeV

R | .- o
DO, 9.7 fb = (b) DO, 9.7 b’
1 | y.
PRELIMINARY ’ . MC@NLO NNPDT2.3 PRELIMINARY
3 NNPDEL.3 uncertainty
MC@NLO MSTW2008NLO
RESBOS CTEQ6.6

1Y
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DO, 9.7 fb*

RELIMINARY

i

A NNPDFL3

B}

-
T
prey
=)
-
=
p—
=
]
o
<

DOA,
MC@NLO NNPDF2.3

NNPDIL.3 uncertainty
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_ (b) DO, 9.7 b
ICGNLONNEDE2S  pPRELIMINARY
NNPDF2.3 uncertainty
MC@NLO MSTW2008NLO "
RESBOS CTEQ6.6

ET > 35 GeV




E%/g/ A: e Charge Asymmetry Results

DO. 9.7 fb!

PRELIMINARY

S
NNPDF2.3

A -Al

DOA,

Asymmetry

MC@NLO NNPDF2.3
NNPDIL.3 uncertainty
MC@NLO MSTW2008NLO
RESBOS CTEQG6.6

25 <ES < 35 GeV

>25 GeV
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DOA,

MC@NLO NNPDF2.3
NNPDE2.3 uncertainry
MC@NLO MSTW2008NLO
RESBOS CTEQ6G.6

P €
25<ES
ET =3 24}

< 35 GeV

5 GeV

(b)

DO, 9.7 fb!

PRELIMINARY
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DOA,
MC@NLO NNPDF2.3

NNPDEL.3 uncertainty
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DO, 9.7 b’

PRELIMINARY
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(b)
LO NNPDFE1.3
NNPDF2.3 uncertainty
MC@NLO MSTWI00SNLO
RESBOS CTEQ6.6
ET > 35 GeV

DO, 9.7 fib!

PRELIMINARY
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B{Cg A: Neutrino weighting for W

&~ W rapidity: A.Bodek, et. al. PRD 77, 111301(R) (2008)

E+pz
E-pz

4 Massive particle rapidity: y = %ln

— —\2
“ Fix My to 80.385 GeV, My, = (E; + E,)> — (P, + P,)

4 Obtain neutrino p} solutions, with given mass of W:

4 If there are two complex solutions, which means ]Z( 7 1s not measured
properly, we scale the ﬁ( 7 to set the imaginary part to 0

4 If two solutions, give each solution a weight factor, according to W pr,
Collins angle, and rapidity of W boson:

P}j: ({t}‘n 0% YW - 1“1_}1) — [ 1 —+ COS (o —|— ( J (”H ] [ 1+ cos §*

Py (c::-u::_:::-; 07 5. Y1.2. f-’-r ] do* (y1.2)

Py (f( os 07, 1. 1” ] do* (y1) + Py (j.(_'*[_}f-; 05. ya. p%l) do* (1)

" B. Quinn Fermilab Wine & Cheese
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;,%/g A: W Charge Asymmetry Result

PRELIMINARY

DO, 9.7 tb’!

>
—
S
<V}
[}
s
[
=
<
wn
=
=
]
N
]
=
5

. ..»:_-".'_"f‘.“:'

i
DO A,
CDFA,1fb!
MC@NLO NNPDF2.3
NNPDF2.3 uncertainty
MC@NLO MSTW2008NLO
RESBOS CTEQ6.6

2 2.5 3
W boson rapidity (|y_ )

4 Erratum to PRL 112, 151803 (2014) arXiv:1312.2895

4 Now employing corrected K ;—} s determination from e charge asymmetry

4 < 2% difference from original publication
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B{C&V A: Summary

4+ Measurement of W charge asymmetry in electron channel
with DO Runll full data-set and extended 1 coverage to 3.2

4 Most precise measurement of lepton charge asymmetry to date

4 First and most precise direct measurement of W boson production
asymmetry from DO

4 Of benefit to all hadronic physics analyses

4 Improvement of PDF models in the x — Q? region of interest for W
production at the Tevatron is estimated to reduce the PDF uncertainty in
the DO My, measurement by approximately 30% (2-3 MeV)
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+ UK, 2013

oA
159,779

Skin diseases
1849
a.

Diseases of
the nervous
system

Endocrine. nutritional
and metabolic
diseases

B. Quinn
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Oy

Blood diseases
and immune
systems

Mental &
behavioural

Bables dying
during
orafterbirth

23

654
External
&accidents
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6« EW Mortality Statistics

+ UK, 2013 ‘ “Z-e'e”
4 PRL 101, 191801 (2008 )

-~ D@11’
[ xd.of. =10.6/14

— PYTHIA
ZGRAD2

Statistical uncertainty
Total uncertainty
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antiproton

4+ The weak mixing angle can be measured from the forward-
backward asymmetry of the polar angle distribution of these
Drell-Yan pairs

qq_’fy_)ll Born level qu—>Z—>l.l2
gy = Qs . gy = I3 — 2Qsin“Oy
7/ couplings g =1
L (f|(gv + gav°)¥*|f) A

4 |5, sin*0y, couplings altered by weak radiative corrections

4 Multiplicative factor of a few %

4 Gives effective SinZHW coupling — Sinzeéff

(e D Quinn Fermilab Wine & Cheese 48
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4 Measure [I'I* angular distribution in
the Collins-Soper rest frame of the
boson. Polar angle, 87, of the ™ is
defined relative to the direction of the
incoming quark

4- Forward: cos8™* > 0, Backward: cosf8* < 0

4« dN/dQ < 1 + cos*0* + A,cos0*
4 All coefficients’ but A4 vanish as Py — 0
4 A, cos0”: parity violating, from
interference of vector and axial vector currents

4 Sensitive to sin“6y, through Z self-interference:
(1 — 4|Q;lsin?0y) (1 — 4|Q,|sin?6y)

'@ NLO QCD: dN/dQ =1 + cos?6* + Ag(1—3c0s%6*)/2 + A1sin20*cosp + A,(sin*0*cos2¢)/2 +
A3sin@*cos¢ + A,cos0* + Assin?0*sin2¢ + Agsin20*sing + A,sin0*sing
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e 0,,: Strategy

4 Measure Agp in bins of lepton pair invariant mass
4+ Produce Monte Carlo Arg (M , SinZHW) templates

4 Perform full corrections to data and simulation

4 Background subtractions

+ Extract sin®0y, by a y* comparison between data and MC

\ B. Quinn Fermilab Wine & Cheese 50
*d University of Mississippi November 14, 2014




— /

b 6, Event Selection

+ Full DO RunlI dataset: 9.7 fb"! 4. CC-CC: both electrons in the central
4 Two high-Py electrons: Py > 25 GeV calorimeter

CC-EC: one electron in the central
calorimeter, the other in an endcap

4 Tight track requirements 4 EC-EC: both electrons in the endcap
4 Mass distribution: M > 50 GeV calorimeters

4 sin?0,;; from 75 < M < 115 GeV

4 (Central and endcap calorimeters (CC,EC)

—
o
©

—s— CC-CC events

MC: PYTHIA

—— CC-EC events

4 85% increase in statistics
4 Extendto ] <1.1,1.5< |n]| < 3.2
4- Include EC-EC events

A

EC-EC events

Events/(GeV/c?)

Include electrons near calorimeter
module (phi-mod) boundaries

4 Track reconstruction improvements

4+ 560,267 events T T80

4 Low QCD backgrounds (EW negl.) nvarian: Hlass (Gevic)
4 CC-CC: 0.4%; CC-EC,EC-EC: <4%

4 MC: PYTHIA, CTEQ6L1
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57/* 0y Energy Calibration

4 Global energy scale modeling in previous analysis

A

Shape dependence inadequate for different detector responses of extended
acceptance regions

4 New method corrects energy as a function of L;,; first, then n,4,.;

4 Z mass peak scaled to LEP value (91.1875 GeV) in each bin
4 Separate calibrations for data and MC

4 After calibration, mass peak L;, ;; dependence negligible, 1 ;.;
dependence reduced from 2 GeV to 100 MeV (data), 10 MeV (MC)

DO 8.6 fb™! ~— DO 8.6 fb™!

—8— CC-CC events
—8— CC-EC events

—&8— CC-EC events
—8— EC-EC events

Z peak (GeV/c?)

—8— EC-EC events

Detector n Detector n
N B. Quinn

Fermilab Wine & Cheese 52
November 14,2014



1 ) .

4+ Raw App measurement is compared to reweighted MC Agp
templates corresponding to different sin”0y, values

+ Different sin®8y, predictions obtained by reweighting generator level 2D
(M, cos8*) distribution of default MC (sin®6y, = 0.232)

4 Done separately for CC-CC, CC-EC, EC-EC events, and for Runlla (1.1
fb-! low L;,,5;) and RunlIb (8.6 fb-! high L;, ;) running periods

D@ 9.7 fb™' 3 D@ 9.7 fb™ " < 0. D@ 9.7 fb

¥2/d.o.f=1.6 s ] x2d.o.f=1.1 x2/d.o.f=0.3

=#=7 o

- Data CC-CC - Data CC-EC 0. - Data EC-EC

-~ PYTHIACC-CC |, ) —~-PYTHIA CC-EC —~ PYTHIA EC-EC

110 10
N‘[ce (Ge‘r) I\-“lee (Gt‘\)
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1 ) .

4+ Raw App measurement is compared to reweighted MC Agp
templates corresponding to different sin”0y, values

+ Different sin®8y, predictions obtained by reweighting generator level 2D
(M, cos8*) distribution of default MC (sin®6y, = 0.232)

4 Done separately for CC-CC, CC-EC, EC-EC events, and for Runlla (1.1
fb-! low L;,,5;) and RunlIb (8.6 fb-! high L;, ;) running periods

r

= —e— CC-CC events
0.6 I —e— CC-EC events

|

] —®— EC-EC events

0.4

D0 9.7 fb-

0.2

0

-0.2

-04
90 100 110 120 130
Invariant Mass (GeV/c?)
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~/ T ) .

4+ Raw App measurement is compared to reweighted MC Agp
templates corresponding to different sin”0y, values

+ Different sin®8y, predictions obtained by reweighting generator level 2D
(M, cos8*) distribution of default MC (sin®6y, = 0.232)

4 Done separately for CC-CC, CC-EC, EC-EC events, and for Runlla (1.1
fb-! low L;,,5;) and RunlIb (8.6 fb-! high L;, ;) running periods

D@ 9.7 fb™

CC-EC events
x3ld.o.f =1.1

-~ Data CC-EC

- PYTHIA CC-EC

110
M,, (GeV)
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9,4 :

' Combined

Results

sin” Ow n.....> ,14(1 n 2 ,14> 0.23138

Statistical 0.00116 0.00047 0.C 0047

Systematic 0.00009 0.00009 0.00008

ergy Calibration 0.00003 0.00001 0.00001

i 0.00002 0.00002

. 2 0.00001 0.00001

Charge Misidentification 2 0. [l(}(}“—L 0.00003

Electron Identification {__).'E._.]'E._.]'E._J(._]h ).00008 0.C 5 0.00007

Total 0.00116 0.00048 0.00277 0.00044
PDFunc.  0.00017

sin’0y, = 0.23138 + 0.00043 + 0.00008 + 0.00017

(stat)

In SM context, with on-shell renormalization scheme, modified ResBos NLO correction

(syst)

(PDF)

sin®6,c; = 0.23146 + 0.00047

(thanks to Willis
Sakumoto for help)

World’s Best From Hadron Collider & from Light Quark Interactions

\ B. Quinn
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1
B Oyc Summary

«—— LEP and SLD Average

< D097 fb-l . 0.23153 + 0.00016
sin? Hleff =0.23146 + 0.00047 " 0.23099 + 0.00053
4 Submitted to PRL 8/21/14, A(P) 0.23159 + 0.00041
arXiv:1408.5016
A, (SLD) 0.23098 + 0.00026
4+ World’s best from hadron .
) Al 0.23221 + 0.00029
collider
. 0.23220 =+ 0.00081
4« PRD with full A;; and
coupling details in Q" 0.2324 +0.0012
preparation A% (CDF), 2.0 fb" 0.2328 + 0.0011
‘ Includipg iPdireCt My, AL (CDF), 9 fb" —e— 0.2315 + 0.0010
determination
A% (D@), 9.7 b —e— 0.23146 + 0.00047
S I I I I E—
0.228 0.23 0.232 0.234 0.236 0.238
sin” 6.
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Y 4 o
U New Members of ®°A Oy
+ Scholarship

4 ¢*: 10/30/14 Submitted to Phys. Rev. D arXiv:1410.8052
4 A: 04/18/14 Phys. Rev. Lett 112, 151803 (2014) arXiv:1312.2895

Submission of electron charge asymmetry to PRD imminent

4 @y : 08/22/14 Submitted to Phys. Rev. Lett. arXiv:1408.5016
+ Leadership

4 ¢": New high-precision observable, first ever transverse momentum results
in off-peak regions

4 A: Highest precision W asymmetry results, and extended to higher n

4 By : World’s best result from hadron collider and light quark interactions
4 Service

4 Data can be used to improve PDF sets, benefiting the entire field, e.g.
potential for significant improvement of My, uncertainties
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Future Members of ©"A 0,
Class of 2015

4 Z Boson Rapidity
4+ Z Boson Agpg, electron channel PRD

4 Z Boson Arg, muon channel
4 Z Boson Angular Coefficients
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